I. Brief History
Cytogenetic mainly concerned in studying chromosomes that were first observed in plant cells by Karl Wilhelm von Nageli at 1842 (Dixit, Potaliya, & Dixit, 2015) . Walther Flemming at 1882 discovered Mitosis using salamander cells. (Mitchison & Salmon, 2001 ) Chromosomes named by von Waldeyer in 1888. The correct chromosome number in humans (46) was determined in 1956 by Tjio and Levan. Prior to this date, the normal human chromosomes numbers was considered as 48 (Li, Xu, & Shu, 2016) . With this invention, the certain congenital defects showed to be associated with certain chromosome defect. Human cytogenetic became an interested field of study when the techniques of preparing chromosomes have been developed during the few decades. Earlier in 20 th century, the set chromosomes (karyotype) appreciated as a gene carrier, where the next step of development that took a place. In 1959 Lejeune, et al., described the first chromosome abnormality associated with a clinical syndrome, trisomy 21 in the Down syndrome (Jiménez et al., 2016). Caspersson developed banding techniques, which differentially stain chromosomes. This allows chromosomes of equal size to be differentiated as well as to elucidate the breakpoints and constituent chromosomes involved in chromosome translocations (Gold, Li, Shipley, & Powers, 1990) . With the advent of chromosome banding techniques in the 1970s, it was possible to identify with certainty all chromosome pairs and to characterize more accurately abnormalities of chromosome number and structure. For a given banding technique, each chromosome pair exhibits a unique pattern of differential staining along the length of the chromosome. By the early 1960s, Ideograms or the diagram was used to identify the chromosomes based on the banding patterns that became the basis for both prenatal and oncological cytogenetic fields, and quickly moved into the clinical lab where karyotyping allowed scientists to look for chromosomal alterations (Shaffer, McGowan-Jordan, & Schmid, 2013) 
II. Role of Cytogenetic In Medicine
Cytogenetic has become an exciting and dynamic field of study that analyses the number and structure of human and animal chromosomes. Any changes that affect the number and/or structure of the chromosomes can cause complications with growth, development, and the body functions. Chromosomal abnormalities can occur early during fetal development when egg and sperm cells are being made or after birth in any cell in the body, which can disrupt genes, causing the proteins made from these disrupted genes to be missing or faulty. The size, location and timing of the structural or numerical changes in chromosomes can lead to birth defects such as Down syndrome (trisomy 21), Patau syndrome (trisomy13) and trisomy 18) and Edwards syndrome (Palomaki et al., 2012) . Or it may affect a single gene within the chromosomes like PKU (phenylketonuria) caused by abnormal PHA gene on chromosome 12 cause malfunction of phenylalanine hydroxylase (PHA) enzyme that breaks down the amino acid phenylalanine (Schaaf, Zschocke, & Potocki, 2011) . Nowadays, the diagnosis and treatment of several leukaemia's and lymphomas, as well as some solid tumours, depends heavily on cytogenetic analysis of specific chromosomal aberrations, which are consistently observed in these particular cancers. Currently, it is estimated that no fewer than 1 million cytogenetic and molecular cytogenetic analyses are performed per year representing the standard of care in several fields of medicine and the routine clinical workup for numerous patients suffering from congenital malformations, mental diseases, cancers, or reproductive problems (Sheth et al., 2014) .
Role of cytogenetic test in monitoring environmental risk
In recent few years, chromosomal aberrations (CA) are one of the important biological consequences of human exposure to ionizing radiation and other genotoxic agents. In epidemiological studies, it has been shown that people with elevated frequencies of CA in their peripheral blood lymphocytes have a significantly-elevated risk of developing cancer (Vodenkova et al., 2015) . The first medical case of occupational cancer was reported in 1775 by Percival Pott, who described scrotal cancer among British chimney sweeps. However, it was not until more than 150 years later when benzo (a) pyrene was identified as the probable causative agent in chimney soot (Balmain & Yuspa, 2014) . Hundreds of chemicals are capable of inducing cancer in humans or animals after prolonged or excessive exposure. There are many well-known examples of chemicals that can cause cancer in humans. The fumes of the metals cadmium, nickel, and chromium are known to cause lung cancer (Purushothaman, Reghu, & Vijayan, 2015) . Vinyl chloride causes liver sarcomas (Chaudhary, Bhadana, Singh, & Ahuja, 2015). Exposure to arsenic increases the risk of skin and lung cancer (Screening & Board, 2015) . Leukemia can result from chemically induced changes in bone marrow from exposure to benzene and cyclophosphamide, among other toxicants (Persano, Zagoura, Louisse, & Pistollato, 2015). Other chemicals, including benzo[a]pyrene and ethylene dibromide, are considered by authoritative scientific organizations to be probably carcinogenic in humans because they are potent carcinogens in animals. Chemically-induced cancer generally develops many years after exposure to a toxic agent. A latency period of as much as thirty years has been observed between exposure to asbestos, for example, and incidence of lung cancer (Lin, Chang, Wang, & Lee, 2015). Some other chemicals used to treat cancer showed to induce chromosomal aberrations.
Role of plant and their extracts as chemo-preventive agents
The use of plant based natural products as chemo-preventive agents is drawing a lot of attention and considered to be practically beneficial in certain cell/tissue based systems and animal model systems (Singh, Siddiqui, El-Abd, Mukhtar, & Ahmad, 2016). It is necessary to provide scientific proof to justify the use of a plant or its active principles for medicinal purposes. Modern drugs, plants and plant extracts must be characterized after their pharmacological screening for their pharmacokinetic and pharmacodynamics properties, including toxicity. Cancer chemoprevention is defined as the use of chemicals or dietary components to block, inhibit, or reverse the development of cancer in normal or pre-neoplastic tissue.
A large number of potential chemo-preventive agents have been identified, and they function by mechanisms directed at all major stages of carcinogenesis (Oga, Sekine, Shitara, & Horie, 2015). Recent focus of cancer chemoprevention is on intermediate biomarkers capable of detecting early changes that can be correlated with inhibition of carcinogenic progression. Many plant extract have proven to be a good cancer preventive agents through their abilities to modulates progress and abnormal cell cycle in cancer cell lines or to act as anti-angiogenic agents. Recent reports suggest that about one third of most common cancers in highincome country can be prevented by healthy plant-based diet (SERT ZAYIF & UZ, 2016). Short-term tests such as the AMES test, mouse bone marrow micronucleus assay (e Silva et al., 2015) and chromosomal aberration analysis, are widely used systems in the detection and evaluation of anti-mutagens and anti-carcinogens (Apak, Özyürek, Guclu, & Capanoglu, 2015) . The use of plant-based medicines is believed to date back to prehistoric medicine (Ngulde, Sandabe, & Hussaini, 2015) . Historically, thousands of different species of plant have been reported as being useful for the treatment of cancer. In the 1950s, modern medicine began more systematically examining natural organisms as a source of useful anti-cancer substances (Zulkipli, David, Rajabalaya, & Idris, 2015). There can be many years between promising laboratory work and the availability of an effective anticancer drug: Monroe Eliot Wall discovered anti-cancer properties in Camptotheca in 1958, but it was not until 1996 after further research and rounds of clinical trials that a derived drug was approved for use by the US Food and Drug Administration (SRINIVASAN, 2014 ) . On the other side, herbal medicines can be potentially toxic to human health. In this way, scientific research has shown that many plants used in traditional and folk medicine are potentially toxic, mutagenic, and carcinogenic (Genuis, Schwalfenberg, Siy, & Rodushkin, 2012) Nevertheless, some of them can cause adverse effects or have the potential to interact with other medications (Chen et al., 2012) . However WHO (1971) and Committee 17 (1975) argued that a single test system is not sufficient to conclude that a particular agent is mutagenic or not. Therefore, further tests of these plants using mammalian test system were conducted (Celik, 2012) .
Bioactivities of plant extracts
Numerous bioactive plant compounds, often referred to as nutraceuticals, have been recently tested for the potential clinical applications. Among the most frequently studied are resveratrol, a polyphenol presents in red- (Milner, 2004) . Angiogenesis is the process in which the new blood vessels are formed from pre-existing on (Lenzi, Bocci, & Natale, 2016). The formation of new blood vessels from preexisting vascular network is a driving force of organ development in ontogeny, is necessary for ovulation and hair growth, and is prerequisite for proper wound healing. It is also a critical mechanism of numerous diseases, the most important of which are cancer and atherosclerosis. Therefore, modulation of angiogenesis is considered as therapeutic strategies of great importance for human health (Chhokar & Tucker, 2003) .
Cytogenetic analysis
Cytogenetic analysis is an in vitro clinical laboratory procedure for studying chromosomes and their abnormalities. Clinical cytogenetic is the study of chromosomes and their correlation to the phenotype (observable clinical characteristics). Certain clinical characteristics occur consistently in association with a particular chromosome abnormality (Munné, 2006) . This phenotype-karyotype correlation is useful to the clinician in making a clinical genetic diagnosis and prognosis. There are two basic classes of chromosome aberrations: numeric and structural. Common abnormalities of chromosome number include aneuploidy, mosaicism, and polyploidy (Fragouli & Delhanty, 2013 
Experimental systems
Cytogenetic tests analyze the frequency and types of chromosomal aberrations in mitotic cells and the frequency of micronuclei in interphase cells. Genotoxic agents cause DNA damage, which is either repaired or otherwise leads to alterations of the DNA. The detection of chromosomal damages could be either in vitro or in vivo using different methods including: micronucleus test and chromosomal aberration test.
Micronucleus test
The name means 'small nucleus' it is cytoplasmic bodies having a portion of acentric chromosome or whole chromosome which was not carried to the opposite poles during the anaphase. The test was firstly used to quantify chromosomal damage by H.J. Evans in1959. The test used in toxicological detection for potential genotoxic compounds and carcinogens that act by causing genetic damage. There are two major versions of this test, in vitro and in vivo. The in vitro micronucleus test detects genotoxic damage in interphase cells. The current methodologies and data for the in vitro micronucleus test were reviewed in 1999 during the second international workshop on genotoxicity testing (Kirsch-Volders et al., 2003) . The in vivo test could be assessed using erythrocytes of blood, liver and lung tissues (Kang, Kwon, Lee, & Seo, 2013) . Mice bone marrow micronucleus test were studied in bone marrow erythroblast when developed into a polychromatic erythrocyte, any micronucleus that has been formed may remain behind in a nucleated cytoplasm (Balmus et al., 2015) . According to the OECD guideline the typical cells used are human or rodent cells cultures. The cells should completed mitosis during the treatment or post treatment incubation period. The cytokinesis should be blocked by cytochalasin B that inhibit network formation by actin filaments and prevent separation of daughter cells after mitosis leading to formation of binucleated cells (Manshian, Singh, & Doak, 2013) .
Chromosomal aberration test
The chromosome aberration test is one of the sensitive methods to identify the structural or numerical abnormalities in mammalian chromosomes. Spontaneous and induced chromosome aberrations have been studied over more than a century (Natarajan, 2002) . The test assessed in vitro and in vivo. The detection of structural chromosome aberrations usually tested in bone marrow cells of animals, usually rodents. Bone marrow is the target tissue in this test, since it is a highly vascularized tissue, and it contains a population of rapidly cycling cells that can be readily isolated and processed. Animals are exposed to the test substance by gavage using a stomach tube or by intraperitoneal injection, and sacrificed after appropriate time of treatment. Prior to sacrifice, animals are treated with a metaphase-arresting agent (usually used colchicine). Chromosome preparations are then made from the bone marrow cells and stained. Metaphase cells are analyzed for chromosome aberrations. Each treated and control group must include at least five analyzable animals per sex (Oecd, 1994) . In vitro chromosomal aberration test was evaluated to identify agents that cause structural or numerical chromosomal aberrations in cultured mammalian cells. A variety of mammalian cell lines were used including human cells, Chinese hamster fibroblasts, human or other mammalian peripheral blood lymphocytes. Appropriate culture medium and incubation conditions like CO2 concentration, temperature and humidity should be used to maintain the cells. 
III. Conclusion
Based on the data provided in this review, it is concluded that cytogenetic tests were fast and sensitive assays to detect environmental genotoxic and mutagens as well as to evaluate the protective mechanisms of herbal preparations, plant extracts and phyto chemicals for protection against cytotoxicity in vitro and/or in vivo. For the possibility of assessing several genetic endpoints; these tests also enable to evaluate the action mechanisms of the tested agents on DNA and provides an important method for screening environmental contamination.
